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Abstract of JP1 02701 71 
PROBLEM TO BE SOLVED: To provide 
a low driving voltage and highly efficient 
high luminance light emission organic EL 
element by providing a light emission 
layer made of an organic compound 
between opposing positive and negative 
electrodes and further providing an 
organic compound layer doped with 
donor dopant metal in the boundary of 
the negative electrode. SOLUTION: A 
positive transparent electrode 2 and a 
negative electrode 6 which are made of 
ITO or the like are arranged opposite to 
each other on a transparent substrate 1 
made of glass or the like, a hole 
transport layer 3 and a light emission 
layer 4 made of an organic compound 
are provided therebetween, the metallic 
doping layer 5 doped with metal 
functioning as a donor dopant is formed 
in a boundary with the negative electrode 
6, and thereby a highly efficient organic 
EL element is provided. For the donor 
dopant, alkaline metal of Li or the like 
having a work function of 4.2 eV or 
lower, alkaline earth metal of MG or the 
like or transition metal such as rare earth 
metal is preferably used, its 
concentration is preferably set to 0.1 to 
99 wt.%, and a metal doping layer 
thickness is preferably set to 10 to 3000 
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&angst . Thus, the energy barrier of 
electron injection from the negative 
electrode is reduced and low voltage 
driving is performed. 
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[H#Jg2] i*«lElOJlffl:iHT. ±EK± 
-H-/t>h*». tt$K8r.#4. 2eV £tT<07;U*U* 10 

is. 7^au±g&GmtffB±£&iB££trg&&JB© 

&Jg K-tf >yH+© F*- F-/t> has**. 0. l 
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S*ixU?hnA5*7t>h* : F (BIT. flLI 
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[fie*ott«*«tt;t©iaiHj«] 5B3fca***«fl:£«*» 30 
T. *«EL*^) tt. aaflEa»©*ffi«**«Tfc* 

&A£n*#tj§<!:L. L*<b*1M0lUPC!OOOAttT 
tTSCitf. 10V aTCOff^)^SJEET-1000c(l/ID , tfl-gp 
1 X©*fflftfc+#&»JI*. d 
<hlCI&»Ufc (Appl. Phys. Lett. . 51, 913 (1987). 
) , C0j«KMK»?et3fr>T. Tange»«S*WlCl68k 40 

*ttAr*BK:raHta-Bx*A*-i»aeeTa-B-s 

fcft. tt*Hft©*Si*g 07df*5>*A> z&mL 
ft. *©&. Mgteg{fcl^-f<. # 

«Si5Cffi«tt©fi«r»Ag (SS) iKifUOMItl 

[0 0 0 3] i!blKW««St#a©iW-:7 (£5 1 BJ& 
|»SI?8Slfl28a-PB-4 t p. 1040) 
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S¥£¥«»SI£. B«*«*29p-ZC-lS . P. 1127) 
Al (7JPSX2A) t**fl:1-*VlCj:0jfS{k**tt 

w#6tt*r«fl;^*jB±fcLnei|iaTioAe*t«»T 

»<**U *©±#5«*«HLfc^BaHsajWHB 
»«E©SIIIC#^T»SJ:t*a#L.T^* (IEEE T 
rans. Electron Devices., 40, 1342 (1993)) . 
[0 0 0 4] SSK. SifiTttUNIAX &©Pei # 

•S^CCsfcSbLT^S (Science, 269, 1086 (1995) ) . 
cn»4«EWftlCJ:-3T#'Jv-»JtJi«l'C»»bftLi 

i*«£Rffififtfc-tn-«ui-r:*>£*t 

<*>t#«3tt«C£KJ:0*a&*©*U , ?--#? 
£in situ TK-tf>WbOT*4. £©£-&, H 

»SLUw.J;-3Tja7cSnfc5y*;i/7x*>'ttS8T?¥fiE 
T4fc». &S*^©emA»gl;rJLi K-fc?>^L& 
l>«-&«kOS«>Ti6<ft-5 (Science, 269, 1086 (199 
5) ) . 

[0 0 0 5] IsfrLUtfi. Mfft»Li©^&«ffiK*5t»T 

bT©a«*#«Lfctt*uttc&fc^©"c, £&«a-e 
tt«a*ro«?ic*tt>T«H**tts. *%w#e©~ 

laftaTli. Lia©JP**»20A6l±TttttatLTtt 
IBLttfr) (IEEE Trans. Electron Devices. . 40, 1342 
0993)) . Sfc. Pei 6©5fi*a + C«[**lDUT** 
KlT«?8§£it3in situ K-e^ttTtt, ft 1 

*>omaifi»*-r©»»«fW*«*at<to. as^jsg 

***** L < iB < & * K * * . 
[0 0 0 6] 
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«) l±fctt. JBt. nffAS£ft&r«£9J«S2. 

K >*A 5*«fctfA«i&S#ffi*«6 *«AbTfcr> 
TH*. cnSOR* (A) ©5S, «7XM (A9J 
»«) 1. 39JAS2. E?L«i£A3. %ytM4, *«t 
tf&AAA6ttA$i]©AATi&9. ^IK-t>yi5 
a^AWTAAU&S* (A) T*<5. #^EK^?(Om 

<m&*A4i&£i<Ttt. c©a. aa/a^a/aa 20 

ttMI/&AF-f>^A/AA, AS/jEJiaEAA/ 
iEJLAAA/AftA/AAK-K^A/AA. AS/ 

f«EL*ftt, &AK-f >yA5$AAAA6 £© 
f^SlC^f ^©T'&tt^^&a^A^T&oTfc 
A'' 1 . 30 

[0009] #aEL^T«iss^e»s*wt«es%T 

^{t;-&!fe©M7C. ?t&%?i?l3)V7 
T-$>2> (Phys. Rev. Lett., 14, 229 (1965)) . #389! 
©SHHcfc^Ttt. ^«&#«MkA«oa5cata:0 5* 
K-7— («^ft#tt) K-^>hftRT?**AAfcAff 
fc»A"i-**A{"fcA*A+fc: H— \L>9-t**\z J: 0 , 

fc#*fl:^«jiT»«. AAK-t^Aftca. ft? 

A#£LT^SftT^5££ftAl©,fc5&&A£Affl 

[00 10] £©A£. Ht-H-/OMJIM^ 
*A5E , r*;:£©-e**LiA©7;i'a'JAA. Mgg©7 

frtii)±m&m. m±m&m£$tsm&&mT$>ni,m so 



KRAtt&H. AC. ft*Hft#<4. 2eV £TF©AA**ff 
jglC^fflT#. AAAtUTLi. Na. K , Be, Mg. Ca, 
Sr. Ba. Y . La, Mg, Shu Gd. Yb. ££**Alf 6tt*. 

[0011] ^«H-e>ya+©K-^>h»artt^ 

CE^Sn&^jit. 0. 1~9 9S«%Tab-5d<h*W 

0. iA*x£ttTA. K-^>h^«tos7c 

^tlfcfl-^ (AT. Stc^) 0»**Jfir*H-K> 

fc. coaak-k^aoa^wu f»iciaesntt(r» 

^10A~3000A*«JfSL^. 10A*ATtt, AS^AiS 
AC#£T£S7n#?©Aa^&u©TF-f >^©$ 
A**/hS<, 3000A£SA5<>:WAA3:fls:©AAjWP-f 
^, AAAE©±#*ffi<©-e»*l, 
[0 0 12] ±EAAF-K>^A5©AfllStt. 
ft*A«AAS-p*-3Tt>J:<. fct^.«ifStXA 

f)^mu^-t\zit. xf >n— -tv yvm^^-i 
-7M>^ffi&£©8«ri>e>©£#teat&fflT§r-5. c 

[0 0 13] AftS, A* AAA. «H-K>yii 
p-x;P 7 x -)V^>7 7 t)\>1 x —Ms. H<D£m{k£ 

*AAft*#'fk#*X^ft6©AAflE, 7it>ha 
U>, /1V7x±>KoiJ>, 7it>KiJ-^>, 7:7 
•Jv>. */U>, */*1HJ>, 7itv>ai-©f 
£AA8Wt&*4i«ktfx-;l'iS©8tA#-?>. y)^a-t-i 
>, ^UI/>, 7^D^iJi/>, ^-7^a^iJi^>, ^ 
'J/>. 7^D^iJ/>, t7^o^'J7>, v7x~ 
;py^->*X>, fh77ir^i?ix t*fy7 

'J;P, tf 7V>, D'\>?-/I>, ^"+v>, 75 
V*/ 'J >- -f S >, y7irjHfl/>, f-)b7> 

>. #'J^?>. ^o->7x>, +t?UH>, 

[0 0 14] #MBS63-295695 #S¥8- 

22557 *t&&, !f#Pa¥8-81472 #HJF5-9470# 
#W¥5-17764 ^«tCW^$tlT^-5^JS+U 

«T»4. h'JX (8-+/'jy5h) 7)1/5 fx 
(WJ/7H -7^^->^A, fx K>»/ (f) - 
8- SSJ, fx (2-^^-8- */gy 

7)1/5 r^A. h'JX (8-* / 'J y 7 h ) -f>v 

h'jx (5-*^;i/-8- 5 h) 7^5^? 
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Av 8-^/Uy7h'J^A, HJX + 

[0 0 15] #58¥5-20201 l^£iifg, #58¥7-l 79394*1 
4MB. #B8 5 P7-2781 24^*8, #58¥7-228579*t'/MBf:; 
5B*£nT^£**1fv77--;Hg, #58¥7-157473# 
^iCP^^nT^^ h U 7 v>3S, 1#M¥6-203963^ 

JI/7 'J - U >l£ag#, #58¥6-l 32080^&$8^#58¥6- 
88072 f^l:§8S*nT^§XfU«^, #58¥ 
6-100857#a«^»WV6-207170^4i«^H«anTlr^ 
a5*tU7*>R»*t>5B#l, TCfti&JI. 

[00 16] seic, ^>l/***7-^»* ^>7^ 

77-**, ^>7-r s^y-**&i£o«*iia»fe 

{£ET£> #580859-194393 ^4>«fcB«*n 

T^SfccO^W'Sn*. LTtt, 2,5-e 

X (5.7-5M- ^>^;b-2-^>7**tf7UJW -1,3, 20 
4- ^77-;k 4.4*- t'X (5,7-t-^>^*-2- ^> 

7***7u;w x^;i^>> 4,4'- ex [5,7-$;- 
(2-^^-2- 7?;» -2- 'O'/twyyjH X5f 
2,5-ex (5.7-y-i- ^>^jp-2- ^>7*+ 

U-7UJW ft7iX 2,5-fX [5- (a, a- s;*? 

;i^>$;;w -2-^>7*+^7'j;H ft7i>, 2,5 

-ex [5,7-v- (2-/^^-2- ~7TM -2- ^>7* 
**7U;W -3,4- y7i-Wt7i>, 2,5-eX 

(5-* ^-2- '<>7***7U;W ft7i>, 4,4* 
- ex (2-^> % /***7U;W t'7xrjk 5-*^ 30 
-2- {2- [4- (5-/^-2- ^>7***7U;W 7i 

e-JH ^>7**1*7-;k 2- [2- 
7x-;» ex;u] t7h (i,2-d)^*ii-7-*&i:o 

^>7**tf7-;WR, U'-(p-7x-l/>yh!zl/ 
» - ex *c > V? 7 7- £ (D* > 7^ 7 7-** . 
2- {2- [4- (2-^>7-f S^/IUM 7xrjH ex 
;H ^>7-f S^V-Jk 2- [2- (4-AM*y7xZ 

;u) ex;n jo*/* $jrv-)W*i*w<> % J<{ 

[0 0 17] ^f«JM>^>*ft&ft(kLTH M 40 
AttBMHttflFSS0373582 ^««lcBH*SSnT^Sfea) 
SfflWCt^TSS. -e-^ft^WtLTtt, 1,4-ex 

(2-/^;i/X^u*) ^>-tr>, 1,4-ex (3-*^x 
?u;w ^>-t?>, 1,4-ex (4-/^;px?u;w ^> 
vx^u;i/^>if>, 1,4-ex (2-x^;px^'J 
;u) ^>-trx 1,4-ex (3-x^jpx^u;w ^>i? 
>, 1.4-ex (2-y^;i/X^u;w -2- *^;^>t? 
>, 1.4-ex (2-/^;ux^'j;i/) -2- x^;^>tf> 

[0 0 18] »IBT2-252793^4i«^BI*SnT 50 
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^-5vx^gji/e7v>^*^7t@, 

&JSK-e>^l£LTE^£££#T£<5. ^<0tt£ 
#J£LTte, 2,5-ex (4-*^X^'j;i/) tr/X 

2,5-ex (4-x?jux^u;i/) e^v>» 2,5-ex [2- 
(\-i-7*m ex;p] e^x 2,5-ex (4-* 
•>*^>jjm ery>, 2,5-ex [2- (4-e7xx;w 
ex;w e^v>, 2,5-ex [2- (i-eux;p) ex 
*] e^^fc&wetfsn*. 

[0 0 19] KW4#W : ^388768^Bgi|fflS^M 
¥3-231970#4>«fCBB«SnT^S^^? : U7 f W >8£ 

Tffl^*dtt)TS«. -tOft^flltLTBU 1,4-7 x 
-^y^'JTO, 4,4'- 71-b/y^iJf-f 
> % 2,5-+yU!/>y^?Ur-<>, 2,6-^7^U>^ 
ZfUr^fX l,4-f7x-l/>y^f'JT^X 1,4- 
p-fl/7x-l//y/fijf^ >> 9,10- 7>h?ir> 
yl'^f'JT^A 4,4*- (2,2- v-t- 7^;i/7x 

-;i/t-;w e7xxjk 4,4'-(2,2-v7xx^ex 
*) e7xx;k &t\ Rtfcn5oR»#^ #58¥ 

6- 49079 #ffi¥6-293778^fBflM^£ftT^ 
5y7t$>P», #58¥6-279322^ffi, #^¥6- 
279323^4i«lCB8S*nT(r^*S86X9 L UJPft'&«, 
#58¥6-l07648^ffi-*>#58¥6-92947 
nTir»****^77-JHW#, #58¥6-2068654f& 
«tBB**nT^S7>h5"b>ft^*» #58¥6-l451 
46^4i«HBBSSnT^^**x*< hRgft, #58¥ 
4-96990 ^illB^ntUI)Th77xr;|/7'^y 

*H«-296595*4i«fcH«*ftT^«# 
*=eiBfl:^ft, **M¥2-191694^4iaicBB 
«SnT^S>7U >R»ft, «FBH¥2-196885#^an 
■SSttTH*"<'J l/>«*#. #58¥2-255789*f K58 
*StlT^*^7^U>Ri»#, #58¥2-289676*fKtf 
#5B¥2-88689 ^4i«JcBBS*tlT^*7^ D"< U y > 
Rigft, #g8¥2-250292^ffi^ffl^^nT^^X5 1 U 

[0 0 2 0] IE?LaAg, iE?L«iM@, jEfLfiS2lf45E5t 
® <h LT^ffl^n^7 U -*7 ^ >ik£®mt LTIi, 
tttlHJEtt&ir^, #58^6-25659 #98^F6- 
2 0 3 9 6 3^n, #58¥6- 2 1 5 8 7 4^«. 
#58^7-145116^^, #§8¥7-224012^4iffl, #58¥ 

7- 157473^4i«, #58¥8-48656 #58^7-1262 
26^^®, #58¥7-188130^iiS, #58^8-40995 

#58^8-40996 #58^8-40997 n&m. # 

68¥7-126225^^, #58¥7-10191 l^ffl, #I8¥7- 
97355 #4i«lCWSStlTt>*7 U-*75 >ft^*8i 
*<»*L<, 0»JAtf, N.N.N'.N'-f h7 7xZJK4'- 
y7^/7xZjk N.N'- y7 xlH, N' -v (3-/^ 
*7xX*) -4, 4' -2^75 y t'7xrjk 2,2-eX (4- 
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i?-p- h'j;P75/7x-;W 7"n/<?>. N.H.N'.N'-t- 
H7-p- MJ;k4,4'-v75y t*7i-;k £x (4-v 
-P- Mj;|/7 5/7i-JW 7ir/W^>, n, N' - ->* 
7i-HN'-/ (4-/h*x7irW -4,4'->7S 
/ f 7x~7k »,N,N',K'-Th77i-JK4'-y7S 
^ ->'7i"JH-TJk 4,4'- fx (v7x~;k7 5 
7) ft-H^i-Jk 4-N,N-v7x-;P75y- 

->*7x-Jl/7S y x^;^>tf>, N-7xzM;Wt'/ 

1.1-fx (4- v'-p- h>j7sy7x^;p) - -> n 

^n^-tf-X 1,1-fX (4-y-p-hU7S; 7x~ 
)V) -4- 7i-JP->?d^>, fx (4->**5\>k7 

sy-2- xf;P7ir;K - 7i-;m^>, n, n, n- h 
U (p-hUJW 75>, 4- (i?-p- MJ;k75y) -4'- 
[4 (v-p- HJ;k75y) X^LUkl X^Mk^X N, 
N,N'J'-f H5-p- hUJH,4'-y7Sy- t'7x~ 
Jk N,N,N',N'-fh77i^M,4'-y7S/- t'7i 
rM-7ir;WjWt!/-;k 4,4'- fx [N- (1-^7 

-N- 7x-;i,- 73 y] t'7x~;k 4, 4' '-fx 

[N- (l-t7f;H -N- 7x-;P- 73 y] p-^-7x 20 
-)V. 4,4'- t'X [N- (2-?7?M -N- 7x~;P- 7 
5y] t*7x~;k 4,4'- fX [N- (3-7-fe7 v 77 1 - 
M -N- 7x~;U- 73 y] f7x-;k 1,5-fX [N- 
(1-1-7?-)},) -N- 7x~;i/- 73 y] +75> kX 4, 
4'- fx [N- (9-7>hUW -N- 7I-JW 73 y] 
f 7iZJk 4,4"-fX [N- (1-7>MJ;I0 -N- 7x 
-Jk 73 y] p-^-7x~Jk 4,4'- fx [N- (2-7 
x±>MJ;|,) -N- 7x~Jk 75 y] f 7x~Jk 4, 
4'- fX [N- (8-7;ki-5>xn;W -N- 7x-;k 7 
3y] f7x^;k 4, 4' -fx [N- (2-f \y~M -N- 30 
7x^;k 73 y] f7x~;k 4,4'- fx [N- (2-^ 
•J Hi*) -N- 7i-Jh 73 y] f7x-;k 4,4'- 
fX [N- (lOD^rjW -N- 7x-;k 73 y] f7 
xn;k 2,6-fX (-7-p- MJJk75y) ^7^k>. 
2,6-fX IV- (\-f7?M 757] ±7^U>. 2, 
6-fX [N- (l-±7^;k> -N- (2-1-7?)],) 73 7] 
±7*kX 4. 4" -fx [N,N-v (2-^7^) 7 3 
7] ?-7iZJK 4.4'- fx {N-7x-;kN- [4- 
(l-^7?A) 7x~;|/| 73y) f7x~;k 4,4'- 
fX [N-7x-;kN- (2-f V-M -75/] t'7x 40 
-;k 2. 6- fX [N.N-SJ (2-±7^) 75 y] 7;k* 
L'X 4,4"- fX (N.N-v-p- Kij;krsy) ^-7 
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